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1

MEANS AND METHOD FOR FIELD
ASYMMETRIC ION MOBILITY
SPECTROMETRY COMBINED WITH MASS
SPECTROMETRY

BACKGROUND

The present invention generally relates to an improved
method and apparatus for the analysis of gas phase 10ons by
field asymmetric ion mobility spectrometry and by mass
spectrometry. The apparatus and methods for sample han-
dling and analysis described herein are enhancements of the
techniques referred to in the literature relating to mass spec-
trometry—an important tool 1n the analysis of a wide range of
chemical compounds. Specifically, mass spectrometers can
be used to determine the molecular weight of sample com-
pounds. The analysis of samples by mass spectrometry con-
s1sts of three main steps—formation of gas phase 10ns from
sample material, mass analysis of the 1ons to separate the 10ns
from one another according to 10n mass, and detection of the
ions. A variety of means and methods existin the field of mass
spectrometry to perform each of these three functions. The
particular combination of the means and methods used 1n a
given mass spectrometer determine the characteristics of that
instrument.

To mass analyze 1ons, for example, one might use magnetic
(B) or electrostatic (E) analysis, wherein 10ns passing through
a magnetic or electrostatic field will follow a curved path. In
a magnetic field, the curvature of the path will be indicative of
the momentum-to-charge ratio of the 1on. In an electrostatic
field, the curvature of the path will be indicative of the kinetic
energy-to-charge ratio of the 1on. If magnetic and electro-
static analyzers are used consecutively, then both the momen-
tum-to-charge and kinetic energy-to-charge ratios of the ions
will be known and the mass of the 1on will thereby be deter-
mined. Other well known mass analyzers are the quadrupole
(Q), the 10n cyclotron resonance (ICR), the time-of-flight
(TOF), and the Paul 10n trap analyzers. More recently, linear
quadrupole 1on traps [J. Schwartz, M. Senko, and I. Syka, J.
Am. Soc. Mass Spectrom. 13, 659(2002); J. Hager, Rapid
Commun. Mass Spectrom. 16, 512(2002)] have become more
wide spread. And a new analyzer, the orbitrap, based on the
Kingdon trap [K. Kingdon, Phys. Rev. 21, 408(1923)] was
recently described by A. Makarov [Q. Hu et al., J Mass
Spectrom. 40, 430(2005)]. Any form of mass analyzer may be
used 1n conjunction with the means and method described
here.

Before mass analysis can begin, gas phase 1ons must be
formed from a sample material. If the sample material 1s
suificiently volatile, 1ons may be formed by electron 10ni1za-
tion (EI) or chemical 1onization (CI) of the gas phase sample
molecules. Alternatively, for solid samples (e.g., semicon-
ductors, or biological materials), 10ns can be formed by des-
orption and 1onization of sample molecules by bombardment
with high energy particles. Further, Secondary Ion Mass
Spectrometry (SIMS), for example, uses keV 10ns to desorb
and 1onize sample material. In the SIMS process a large
amount of energy i1s deposited in the analyte molecules,
resulting 1n the fragmentation of fragile molecules. This frag-
mentation 1s undesirable 1n that information regarding the
original composition of the sample (e.g., the molecular
weight of sample molecules) will be lost.

For more labile, fragile molecules, other 1onization meth-
ods now exist. The plasma desorption (PD) technique was
introduced by Macfiarlane et al. (R. D. Macfarlane, R. P.
Skowronski, D. F. Torgerson, Biochem. Biophys. Res Com-
moun. 60 (1974) 616)(“McFarlane™). Mactarlane discovered
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that the impact of high energy (MeV) 1ons on a surface, like
SIMS would cause desorption and 1onization of small analyte
molecules. However, unlike SIMS, the PD process also
results 1n the desorption of larger, more labile species (e.g.,
insulin and other protein molecules).

Additionally, lasers have been used 1n a similar manner to
induce desorption of biological or other labile molecules.

See, for example, Cotter et al. (R. B. VanBreeman, M. Snow,
R. I. Cotter, Int. J. Mass Spectrom. Ion Phys. 49 (1983) 33;

Tabet, 1. C.; Cotter, R. I., Tabet, J. C., Anal. Chem. 56 (1984)
1662; or R. J. Cotter, P. Demirev, 1. Lys, J. K. Olthott, J. K.;
Lys, I.: Demirev, P.: Cotter et al., R. 1., Aral. Instrument. 16
(1987) 93). Cotter modified a CVC 2000 time-oi-flight mass
spectrometer for infrared laser desorption of non-volatile bio-
molecules, using a Tachisto (Needham, Mass.) model 215G
pulsed carbon dioxide laser. The plasma or laser desorption
and 1omization of labile molecules relies on the deposition of
little or no energy in the analyte molecules of interest.

The use of lasers to desorb and 1onize labile molecules

intact was enhanced by the introduction of matrix assisted
laser desorption 1onization (MALDI) (K. Tanaka, H. Waki, Y.

Ido, S. Akata, Y. Yoshida, T. Yoshica, Rapid Commun. Mass
Spectrom. 2 (1988) 151 and M. Karas, F. Hillenkamp, Anal.
Chem. 60 (1988) 2299). In the MALDI process, an analyte 1s
dissolved 1n a solid, organic matrix. Laser light of a wave-
length that 1s absorbed by the solid matrix but not by the
analyte 1s used to excite the sample. Thus, the matrix is
excited directly by the laser, and the excited matrix sublimes
into the gas phase carrying with 1t the analyte molecules. The
analyte molecules are then ionized by proton, electron, or
cation transfer from the matrix molecules to the analyte mol-
ecules. This process (1.e., MALDI) 1s typically used in con-
junction with time-of-tflight mass spectrometry (TOFMS) and
can be used to measure the molecular weights of proteins 1n
excess of 100,000 Daltons.

Atmospheric Pressure Ionization (API) includes a number
ol 1on production means and methods. Among these are atmo-
spheric pressure chemical ionization (APCI), atmospheric
pressure photoiomization (APPI), electrospray iomization
(ESI), and desorption electrospray 1onization (ESI). Typi-
cally, analyte 1ons are produced from liquid solution at atmo-
spheric pressure. ESI, one of the more widely used methods,
was first suggested for use with mass spectrometry by Dole et
al. (M. Dole, L. L. Mack, R. L. Hines, R. C. Mobley, L. D.
Ferguson, M. B. Alice, J. Chem. Phys. 49,2240, 1968). In the
clectrospray technique, analyte 1s dissolved 1n a liquid solu-
tion and sprayed from a needle. The spray 1s induced by the
application of a potential difference between the needle and a
counter electrode. The spray results 1n the formation of fine,
charged droplets of solution containing analyte molecules. In
the gas phase, the solvent evaporates leaving behind charged,
gas phase, analyte 1ions. This method allows for very large
ions to be formed. Ions as large as 1 MDa have been detected
by ESI 1n conjunction with mass spectrometry (ESMS).

In addition to ESI, many other ion production methods
might be used at atmospheric or elevated pressure. For
example, MALDI has recently been adapted by Laiko et al. to
work at atmospheric pressure (Victor Laiko and Alma Burl-
ingame, “Atmospheric Pressure Matrix Assisted Laser Des-
orption”, U.S. Pat. No. 3,965,884, and Atmospheric Pressure
Matrix Assisted Laser Desorption Ionization, poster #1121,
4™ International Symposium on Mass Spectrometry in the
Health and Life Sciences, San Francisco, Aug. 25-29, 1998)
and by Standing et al. at elevated pressures (Time of Flight
Mass Spectrometry of Biomolecules with Orthogonal Injec-
tion+Collisional Cooling, poster #1272, 47 International
Symposium on Mass Spectrometry in the Health and Life
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Sciences, San Francisco, Aug. 25-29, 1998; and Orthogonal
Injection TOFEMS Anal. Chem. 71(13), 452A (1999)). The
benelit of adapting 10on sources in this manner 1s that the 1on
optics (1.e., the electrode structure and operation) in the mass
analyzer and mass spectral results obtained are largely 1inde-
pendent of the 1on production method used.

The elevated pressure MALDI source disclosed by Stand-
ing differs from what 1s disclosed by Laiko et al. Specifically,
Laiko et al. disclose a source intended to operate at substan-
tially atmospheric pressure. In contrast, the source disclosed
by Standing et al. 1s intended to operate at a pressure of about
70 mtorr.

More recently, Takats et al. [Z. Takats, J. M. Wiseman, B.
Gologan, and R. G. Cooks, Science 306, 471(2004)] 1ntro-
duced vyet another atmospheric pressure ionization method
known as desorption electrospray 1onization (DESI). Accord-
ing to Takats et al., DESI 1s a method for producing 1ons from
analyte on a surface. Electrosprayed charged droplets and 10n
of solvent are directed at the surface under study. The impact
of the charged droplets on the surface results 1n the desorption
and 1onmization of the analyte to form gas phase analyte 10ns.

Gas phase 1ons may be analyzed via any of the above
described mass analyzers, via an 1on mobility analyzer, or by
a combination of mass and mobaility analyzers. Ion mobaility
spectrometry (IMS) 1s a method whereby the “mobility” of
analyte 1ons through a gas 1s measured under the influence of
a static electric field. IMS 1s described 1n detail 1n the litera-
ture [see, for example, G. Eiceman and 7. Karpas, Ion Mobil-
ity Spectrometry (CRC. Boca Raton, Fla. 1994); and Plasma
Chromatography, edited by T. W. Carr (Plenum, New York,
1984)]. At low electric field strengths—e.g. a few kilovolts
per meter—the speed of analyte 1ons through a gas 1s mea-
sured. To start the measurement, ions are pulsed into the
entrance ol the mobility analyzer. Ions of a given mobaility
travel the length of the drift tube of the mobility analyzer at
fixed velocity resulting from the balance 1n force between the
clectric field pushing 1ons forward and drag on the 10ns due to
collisions with the gas. At the far end of the analyzer, the 10ns
strike a detector and are detected. By measuring the time
between the introduction of 1ons into the analyzer and the
detection of the 10ns, the speed of the 10ns, and therefore their
mobility can be determined.

At low field strengths, the mobility of an 10n 1s a constant
relating the speed of the 1on to the strength of the electric field.
However, at high electric field strengths, the mobility of the
1ions varies with electric field strength. This gives rise to field
asymmetric 10on mobility spectrometry (FAIMS )—an exten-
sion of IMS which takes advantage of the change in ion
mobility at high field strengths.

FAIMS 1s based on an observation of Mason and McDanaiel
| W. McDaniel and Edward A. Mason, The mobaility and diif-
fusion of 10ns 1n gases, John Wiley & Sons, 1973] who found
that the mobility of an 10n varies with the applied electric field
strength. Above an electric field to gas density ratio (E/N) of
40 Td (E>10,700 V/cm at atmospheric pressure) the mobility
coellicient K(E) has a non-linear dependence on the field.
This dependence 1s believed to be specific for each 1on spe-
cies. A coellicient “a” describes the change 1n mobility as a
function of field strength and 1s defined as the fractional
change 1n mobility when comparing a high field strength
condition to a low field strength condition. An a value 01 0.1,
for example, represents an increase of 10% 1n the 10n’s mobil-
ity whereas an ¢ value of -0.1 represents a decrease of 10%
in the 10n’s mobility.

FAIMS 1s described in detail 1n the literature [1. Buryakov,
E. Krylov, E. Nazarov, and U. Rasulev, Int. J. Mass Spectrom.
Ion Phys. 128. 143 (1993); D. Riegner, C. Harden, B. Carna-

10

15

20

25

30

35

40

45

50

55

60

65

4

han, and S. Day, Proceedings of the 45th ASMS Conference
on Mass Spectrometry and Allied Topics, Palm Springs,
Calif., Jun. 1-4, 1997, p. 473; B. Carnahan, S. Day, V. Kouz-
netsov, M. Matyjaszczyk, and A. Tarassov, Proceedings of the
41st ISA Analysis Division Symposium, Framingham,
Mass., Apr. 21-24, 1996, p. 85; and B. Carnahan and A.
Tarassov, U.S. Pat. No. 5,420,424]. FAIMS devices measure
the difference 1n the mobility of an 1on at high field relative to
its mobility at low field. That 1s, the 10ns are separated on the
basis of the compound dependent behavior of mobility as a
function of electric field strength. In the prior art FAIMS
devices such as described in U.S. Pat. No. 6,972,407, herein
incorporated by reference, two parallel, planar conducting
clectrodes are used to generate an electric field in which
analyte 1ons are to be analyzed. The analyte 1ons are entrained
in a carrier gas which moves at high velocity (several meters
per second) perpendicular to the electric field—i.e. parallel to
the surface of the planar conducting electrodes. Applying the
appropriate potentials to the “top” and “bottom” electrodes
will result 1n the filtering of 10ns on the basis of their a value.
As described 1n the prior art literature, a rectangular wave-
form having repeatedly a high potential and then a low poten-
tial 1s applied between the electrodes. For a relatively short
period of time, a high potential 1s applied between the elec-
trodes and then for a longer period of time a relatively low
potential of opposite polarity 1s applied. The magnitude of the
potentials and the duration of their application are such that
the time averaged potential difference 1s zero. During the
application of the high potential 1ons will driit laterally with
a mobility K(1+a). During the application of the low poten-
tial of opposing polarity, the 1ons will drift laterally with a
mobility K and 1n the opposite direction to that when the high
potential was applied. Applying an additional DC “compen-
sation voltage™ between the electrodes allows the selection of
ions of a given mobility difference to be transmitted.

In recent years, IMS and FAIMS spectrometers have been
combined with mass spectrometry. In U.S. Pat. No. 5,905,258
Clemmer and Reilly combine IMS with a time of tlight mass
spectrometer (1TOFMS). This provided for a first analysis of
the 1ons by IMS followed by a second analysis via TOFMS.
Ultimately, this yields a two dimensional plot containing both
the mobility and mass of the 1ons under ivestigation. The
advantages of this type of combined analyzer over a mass

spectrometer alone are described in detail 1n the literature [C.
S. Srebalus et al., Anal. Chem. 71(18), 3918(1999); J. A.

Taraszka et al., J. Proteom. Res. 4, 1223(2005); R. L. Wong,
E. R. Williams, A. E. Counterman, and D. Clemmer, J. Am.
Soc. Mass Spectrom. 16, 1009(2005)] and include the sepa-
ration of chemical background from analyte species for an
improved signal-to-noise ratio (S/N), and the separation of
ions based on compound class or charge state for easier mass
spectral interpretation.

Similarly, in U.S. Pat. No. 6,504,149, for example, Guevre-
mont et al. combine a FAIMS device with a mass spectrom-
eter. As detailed 1n the literature, a combined FAIMS mass
spectrometer has similar advantages as an IMS mass spec-
trometer [ A. Shvartsburg, K. Tang, R. Smith, J. Am. Soc. Mass
Spectrom. 16,2(2005); D. A. Barnett, B. Ells, R. Guevremont,
and R. W. Purves, J. Am. Soc. Mass Spectrom. 13, 1282
(2002)]. For example, a combined FAIMS mass spectrometer
has an improved signal-to-noise ratio over a mass spectrom-
cter alone because the FAIMS device can filter away the
chemical background.

In the mstrument disclosed by Guevremont, the FAIMS
device 1s imposed between the 10n production means and the
inlet to the mass spectrometer. That 1s, a FAIMS device may
be added to a preexisting mass spectrometer by moving the
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ion production means and placing the FAIMS apparatus
between the 1nlet to the mass spectrometer and the 1on pro-
duction means. As a result, the transmission efficiency of
analyte 1ons from the 1on production means to the mass ana-
lyzer 1s reduced. Although the S/N 1n the mass spectra pro-
duced may be improved over a mass spectrometer alone, the
imposition of the FAIMS device nonetheless leads to a
reduced sensitivity.

Furthermore prior art FAIMS devices have been employed
as peripheral or add-on devices when used in conjunction
with mass spectrometers [B. Ells et al, Anal. Chem. 71,4747
(1999)]. That 1s, prior art FAIMS devices are not highly
integrated with mass spectrometers and users or technicians
must mount and demount the FAIMS device in order to run
tandem FAIMS/MS or MS—only experiments, respectively.
That 1s, 1f a prior art FAIMS apparatus 1s implemented on a
mass spectrometer then 1t must be kept in operation in order to
be of any benefit. In order to observe the entire range of 10ons
being generated by the 1on production means—i.e. without
filtering via FAIMS—the asymmetric waveform must be
turned off. However, the presence of the FAIMS device
between the 1on source and the mass spectrometer—even 11
deactivated—would represent a loss of 10n transmaission eifi-
ciency and therefore a loss 1n sensitivity. Thus, 1n a practical
operation, the FAIMS apparatus must be implemented
between the 1on production means and the mlet of the mass
spectrometer when FAIMS filtering 1s desired and the FAIMS
apparatus must be removed again when FAIMS filtering 1s not
desired. This added complexity discourages users from
adopting FAIMS 1n combination with mass spectrometry.

If gas phase 10ns produced via an API method are to be
analyzed in a mass spectrometer, they must first be trans-
ported from the 1oni1zation region through regions of differing,
pressures and ultimately to a mass analyzer for subsequent
analysis (e.g., via time-of-tlight mass spectrometry
(TOFMS), Fourier transform mass spectrometry (FITMS),
etc.). In some prior art sources, this was accomplished
through use of a small orifice between the 10nization region
and the vacuum region. In conventional instruments, the ori-
fice 1s circular, however, 1n U.S. Pat. No. 7,339,166, Tang et
al. recognize that the 1on transmission efficiency between
FAIMS analyzers of planar geometry and mass analyzers at
reduced pressures can be improved by changing the shape of
the orifice or by using a multitude of orifices. Specifically,
a “ ... conductance limit aperture having the geometry of a
rectangle . . . provides a more efficient coupling of planar . . .
FAIMS to downstream stages . ...”

In other prior art, metal or dielectric capillaries have been
used to transmit 1ons entrained 1n a carrier gas from a high
pressure 10n production region into the vacuum chamber of
mass spectrometers—see, for example, Fenn et al., U.S. Pat.
No. 4,542,293 and Whitehouse etal., U.S. Pat. No. 5,844,237.
In U.S. Pat. No. 6,777,672, incorporated herein by reference,
Park describes a multiple section capillary for interfacing
various 10n production means and for transporting 1ons into
the vacuum chamber of a mass spectrometer.

An example of aprior art transfer capillary 1s shown i FIG.
1. As depicted, capillary 7 comprises a generally cylindrical
glass tube 2 having an internal bore 4. The ends of capillary 7
include a metal coating (e.g., platinum, copper, etc.) to form
conductors 5 which encompass the outer surface of capillary
7 at 1ts ends, leaving a central aperture 6 such that the entrance
and exit to internal bore 4 are left uncovered. Conductors 3
may be connected to electrical contacts (not shown) 1n order
to maintain a desired space potential at each end of capillary
7. In operation, a first electrode (one of conductors 5) of
capillary 7 may be maintained at an extreme negative poten-
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tial (e.g. —4,500V). Thus first electrode 5 acts as the entrance
end of the capillary and resides at near atmospheric pressure.

Positively charged analyte 1ons formed in the atmospheric
pressure 1on production region are attracted to the first elec-
trode 5 and are entrained 1n the gas flow into the capillary. A
second electrode (the other of conductors 3), acts as the exit
end of the capillary and resides at the pressure of the first
vacuum region of the mass spectrometer. This second of
conductors 5 may form the first stage of a multi-stage lensing
system for the final direction of the 10ns to the spectrometer,
and may be maintained at a positive potential (e.g., 160 volts).

Importantly, 1ons are carried through the transier capillary
by entrainment in gas which 1s pumped from the 1on produc-
tion region, through the capillary, 1nto the first vacuum region
of the mass spectrometer. Typically, the gas pressure at the
capillary inlet 1s about one atmosphere whereas the pressure
at the capillary outlet, into the first pumping region, is
between one and three millibar. Under these conditions, the
velocity of the gas 1n the capillary 1s about 100 m/s. It 1s the
“force” associated with this high velocity gas that 1s able to
drive the 10ns away from the electrically attractive potential at
the capillary entrance and towards the electrically repulsive

potential at the capillary exit.
In other prior art, Glish et al. (U.S. Pat. No. 6,703,611) and

Prior et al. (U.S. Pat. No. 6,455,846) independently describe
transier capillaries having flared entrances. According to
Glish, the value of their flared capillary 1s that 1t “has
increased positional alignment tolerances and . . . 1s capable
of both single and multiple nanoelectrospray and standard
clectrospray 1onization.” According to Prior, their flared cap-
illary “provides greater efliciency in the transmission of gas-
cous 1ons from an 1on source situated in a region of relatively
high pressure, to the interior of a device maintained at a
relatively low pressure.”

Finally, in U.S. Pat. No. 7,598,488, incorporated herein by
reference, Park describes the integration of a FAIMS analyzer
into an 1on transter capillary. In one embodiment, the transfer
capillary 1s a multisection capillary having the FAIMS ana-
lyzer integrated 1n a first section of the capillary and having a
union by which the first capillary section can be removably
joined with a second section of the capillary. According to
Park, “the transmission eificiency of analyte 10ons [through a
FAIMS analyzer integrated into the 10on transier capillary] 1s
improved over prior art FAIMS devices”

However, the prior art does not describe any means or
mechanism that provides a smooth transition between a
FAIMS analyzer 1n a first section of capillary and a second
section of the capillary. For example, a FAIMS analyzer 1n a
first capillary section having a first geometric cross section—
for example, rectangular—joined with a second section of
capillary having a second cross section—Ior example,
round—will result 1n a geometric discontinuity at the union
between the two sections. Such a discontinuity leads, in prior
art devices to turbulent gas tlow, dead volumes, and a reduc-
tion 1n the transmission of 10ns from the outlet of the FAIMS
analyzer into the downstream vacuum system and analyzers.
Similarly, in a contiguous capillary, the cross section of the

capillary in that part of the capillary which includes the
FAIMS analyzer may differ from the remainder of the capil-
lary. The geometric discontinuity between the FAIMS ana-
lyzer and the remainder of the capillary results in a loss of 10n
transmission.

SUMMARY

It 1s therefore one purpose of the present invention to pro-
vide a means and method for a tandem FAIMS/MS instru-
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ment wherein the FAIMS device 1s integrated into or remov-
ably jomed with the 1on transfer capillary of the mass
spectrometer such that the transmission efficiency of analyte
1ions 1s improved over prior art FAIMS devices and such that
the FAIMS device need not be demounted when not 1n use.
In one embodiment, a contiguous or multisection transier
capillary having a FAIMS analyzer integrated 1n one of the
sections thereof has an 1mproved geometric transition
between the FAIMS analyzer and the remainder of the capil-
lary such that the transmission of 1ons from an ion production
region to a first vacuum region via said capillary 1s improved

over prior art FAIMS/MS devices.

In another embodiment, the FAIMS analyzer 1s integrated
in a {irst section of a multi-section transfer capillary. The cross
sectional geometry of the FAIMS analyzer may be any shape,
such as rectangular. The first section 1s removably joined with
a second section of capillary via a union piece. The second
section of capillary has a channel through 1t which 1s cylin-
drically symmetric and small in comparison to the cross sec-
tion of the FAIMS analyzer.

In alternate embodiments, the bore through the second
section of capillary may be cylindrically asymmetric and may
have any cross sectional geometry. The union piece has a
channel through 1t by which the channels of the first and
second capillary sections are joined and includes a means of
forming a substantially gas tight seal between the first and
second capillary sections. The channel of the union piece 1s
cylindrically symmetric and funnel shaped such that it can
receive gas and 10ns over a wide cross sectional area from the
first capillary section and efficiently focus them down and
into the second capillary section.

In alternate embodiments, the geometric transition—i.¢. in
the channel of the union—may be from any {first cross sec-
tional geometry which best accepts gas and 1ons from the first
capillary section and the FAIMS analyzer therein to any sec-
ond cross sectional geometry which best transmits gas and
ions 1nto the second capillary section. For example, the
FAIMS analyzer 1n the first capillary section may have a
planar geometry and therefore a rectangular cross section
whereas the bore of the second capillary section 1s cylindrical.
The 1nlet of the union would therefore be rectangular, and 1ts
outlet would be round, and the channel of the union would
have a smooth transition between the rectangular entrance
and circular exit.

In further alternate embodiments, the second section of
capillary may have a multitude of bores therethrough. In such
a case the geometric transition in the channel of the union
piece may be from an 1nlet of geometry best suited to accept
gas and 10ons from the first capillary section to a multitude of
outlets each of which 1s aligned with a bore in the second
capillary section.

In still other alternate embodiments, the channel in the
union piece may be eliminated such that the first capillary
section directly abuts the second capillary section or 1s offset
from the second capillary section by an 1insulating spacer. The
funnel shaped geometric transition 1s incorporated into the
entrance end of the second capillary section in the form of a
flare at the entrance of the second section’s bore.

In yet other alternate embodiments, the capillary 1s con-
tiguous having a channel and a FAIMS analyzer integrally
incorporated therein. The cross section in the channel of the
portion of the capillary containing the FAIMS analyzer may
differ from that in the rest of the capillary. Such embodiments
incorporate smooth geometric transitions between the chan-
nel of the portion of the capillary containing the FAIMS
analyzer and the channel 1n the rest of the capillary.
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In alternate embodiments, the capillary 1s contiguous and
the FAIMS analyzer 1s integrated at a selected position along
the length of the capillary, but neither at the entrance or exat
end of the capillary. The cross section 1n the portion of the
capillary containing the FAIMS analyzer may differ from that
in the rest of the capillary. Such embodiments incorporate
smooth geometric transitions both into and out of the channel
of the portion of the capillary containing the FAIMS analyzer.

Similarly, a FAIMS analyzer may be integrated in the
middle section of a three section capillary. In such an embodi-

ment, unions between sections provide smooth geometric
transitions into as well as out of the FAIMS analyzer.

BRIEF DESCRIPTION OF THE DRAWINGS

A further understanding of the present invention can be
obtained by reference to an embodiment set forth 1n the 1llus-
trations of the accompanying drawings. Although the illus-
trated embodiment 1s merely exemplary of systems for car-
rying out the present invention, both the organization and
method of operation of the mvention, 1n general, together
with further objectives and advantages thereof, may be more
casily understood by reference to the drawings and the fol-
lowing description. The drawings are not intended to limit the
scope of this invention, which 1s set forth with particularity 1n
the claims as appended or as subsequently amended, but
merely to clarity and exemplify the invention.

For a more complete understanding of the present inven-
tion, reference 1s now made to the following drawings in
which:

FIG. 1 shows a partial cut-away cross sectional view of a
prior art capillary comprising a unitary dielectric tube having
a cylindrical outer surface and 1nternal bore;

FIG. 2 depicts a multiple section capillary with incorpo-
rated FAIMS electrodes and a union according to the present
imnvention;

FIG. 3A depicts an end view of a multiple section capillary
with FAIMS electrodes incorporated 1n a first section and a
union piece having a rectangular opening at 1ts entrance end,
a circular opening at its exit end, and a smooth transition
between the two;

FIG. 3B depicts a cross sectional view taken at line A-A 1n
FIG. 3A of a multiple section capillary with FAIMS elec-
trodes incorporated 1n a first section and a union piece having
a rectangular opening at its entrance end, a circular opening at
1its exit end, and a smooth transition between the two;

FIG. 3C depicts a cross sectional view taken at line B-B 1n
FIG. 3A of a multiple section capillary with FAIMS elec-
trodes incorporated 1n a first section and a union piece having
a rectangular opening at its entrance end, a circular opening at
1its exit end, and a smooth transition between the two;

FIG. 4 depicts a multiple section capillary with FAIMS
clectrodes incorporated 1n a first capillary section, a union,
and a second capillary section having a bore with a flared
entrance end;

FIG. 5 depicts a three section capillary having FAIMS
clectrodes incorporated 1n a middle capillary section; and

FIG. 6 depicts a contiguous capillary with incorporated
FAIMS electrodes and smooth geometric transitions into and

out of the volume between the FAIMS electrodes.

DETAILED DESCRIPTION

As required, a detailed illustrative embodiment of the
present mvention 1s disclosed herein. However, techniques,
systems and operating structures i1n accordance with the
present invention may be embodied 1n a wide variety of sizes,
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shapes, forms and modes, some of which may be quite dif-
ferent from those in the disclosed embodiment. Conse-
quently, the specific structural and functional details dis-
closed herein are merely representative, yet in that regard,
they are deemed to afford the best embodiment for purposes
of disclosure and to provide a basis for the claims herein
which define the scope of the present invention.

The following presents a detailed description of one
embodiment of the present invention, as well as some alter-
nate embodiments of the invention. As discussed above, the
present mnvention relates generally to the mass spectroscopic
analysis of chemical samples and more particularly to mass
spectrometry. Specifically, a means and method 1s described
for the tandem FAIMS/MS analysis of a sample.

Reference 1s herein made to the figures, wherein the
numerals representing particular parts are consistently used
throughout the figures and accompanying discussion.

Referring first to FIG. 2, shown 1s an embodiment accord-
ing to the present invention wherein multiple section capillary
12 consists of two capillary sections 10 and 11. While the
construction may vary widely, 1n this specific embodiment,
section 11 has dimensions and general construction similar to
prior art capillary 7. Section 11 has a body 22 constructed
primarily of a dielectric—i.e. glass, ceramic, etc. —and a
central bore 24 through which gas and ions may pass. The
outer surface and inner bore of section 11 are both substan-
tially cylindrical. In operation, section 11 i1s fixed 1n the
source of a mass spectrometer 1n a manner similar to that
described 1n the prior art. That 1s, entrance end 30 of section
11 1s fixed 1n an 10on production region at near atmospheric
pressure whereas the exit end of section 11 (not shown) 1s
fixed 1n the first pumping region of the mass spectrometer.
Capillary section 11 might have a wide variety of diameters
and lengths, however, as an example, the mner and outer
diameters of section 11 might be 0.7 and 6.5 mm respectively
and the length of section 11 might be 180 mm.

Capillary section 10 also has abody 23 formed from dielec-
tric material. Channel 8 of section 10 1s bounded on two sides
by planar FAIMS electrodes 13 and 14. A wide variety of
dimensions may be chosen for channel 8 and electrodes 13
and 14, however, as an example, the gap between electrodes
13 and 14 may be 0.7 mm. Electrodes 13 and 14 may be any
desired width, however, as an example may be 5.5 mm
wide—i.e. perpendicular to the page. Thus, channel 8 may,
for example, be rectangular in cross section having dimension
of 0.7 mm by 5.5 mm. FAIMS electrodes 13 and 14 may be
any length, however, here are chosen to be 38.6 mm long.
Also, FAIMS electrodes 13 and 14 may be composed of any
clectrically conducting material and may be of any desired
thickness. However, as an example, FAIMS electrodes 13 and
14 are 0.2 mm thick.

Capillary section 10 may have any desired length and
diameter, however, as an example, section 10 may have a
length of 40 mm and an outer diameter of 6.5 mm. Entrance
end 26 of section 10 includes a conductive sheath 20. Sheath
20 may be composed of any electrically conducting mate-
rial—e.g. Pt, N1, etc. Exit end 28 of section 10 may be fixed in
union 16 by, for example, epoxy. Electrically insulating
spacer 15 having the shape of a ring 0.5 mm thick 1s used to
clectrically 1solate electrodes 13 and 14 from umon 16. In
alternate embodiments spacer 15 may have any dimensions or
may be left out. Union 16 1s composed of electrically con-
ducting material and has channel 17 through 1t by which
channels 8 and 24 of capillary sections 10 and 11 respectively
are jomed. Channel 17 of union 16 1s cylindrically symmetric
and funnel shaped such that it can receive gas and 1ons over a
wide cross sectional area from the first capillary section 10
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and efliciently focus them down and into second capillary
section 11. Union 16 includes o-ring 18 such that union 16
together with section 10 may be removably joined with cap-
illary section 11. As discussed above, when FAIMS filtering
of analyte 1ons 1s desired, section 10 together with union 16
are joined with section 11. In operation, a FAIMS waveform
1s applied between electrodes 13 and 14 as described above.
When FAIMS analysis 1s not desired, section 10 and union 16
may be left away and only section 11 1s used to transmuit ions
into the mass spectrometer’s vacuum system.

In alternate embodiments, the geometric transition—i.e. 1n
the channel of a union—may be from any first cross sectional
geometry which best accepts gas and 10ons from a first capil-
lary section and a FAIMS analyzer therein to any second cross
sectional geometry which best transmits gas and 1ons into a
second capillary section. FIG. 3A depicts an end view of
multiple section capillary 40. FIGS. 3B and 3C depict cross
sectional views of multiple section capillary 40 taken at lines
A-A and B-B respectively. In the embodiment depicted in
FIGS. 3A-3C, first capillary section 10 includes channel 8
which has a rectangular cross section whereas the bore of
second capillary section 11 1s cylindrical. Union piece 32,
used to join sections 10 and 11, has all the features and
characteristics of union piece 16 except that channel 34 1s not
cylindrically symmetric. Rather, inlet 36 of channel 34 is
rectangular, and outlet 38 1s circular. Furthermore, channel 34
has a smooth geometric transition between rectangular
entrance 36 and circular exit 38. Inlet 36 and outlet 38 may
have any of a wide variety of dimensions, however, as an
example, mlet 36 15 5.5 by 0.7 mm and outlet 38 15 0.7 mm 1n
diameter. Notice that rectangular inlet 36 of union 32 1is
aligned with rectangular shaped outlet 28 of section 10.

In further alternate embodiments, capillary section 11 may
have a multitude of circular bores therethrough. In such
embodiments, the geometric transition in channel 34 of union
piece 32 may be from inlet 36 having rectangular cross sec-
tion, or alternatively any other geometry suited to accept gas
and 1ons from first capillary section 10, to a multitude of
circular outlets each of which 1s aligned with a bore 1n second
capillary section 11. The dimensions of the mlets and outlets
of alternative union pieces are similar, though not necessarily
identical, to the dimensions of the orifices in the outlets and
inlets of upstream and downstream respectively, capillary
sections.

In further alternate embodiments, the channel in the union
piece may be eliminated such that the first capillary section
directly abuts the second capillary section or 1s offset from the
second capillary section by an insulating spacer. The funnel
shaped geometric transition 1s incorporated into the entrance
end of the second capillary section 1n the form of a flare at the
entrance of the second section’s bore. As an example, multi-
bore capillary 50 depicted in cross section 1n FIG. 4 includes
capillary sections 10 and 19 and union 42. Union piece 42,
used to join sections 10 and 19, has all the features and
characteristics of union piece 16 except that 1t includes no
channel through which gas and 1ons would tlow. Rather,
capillary sections 10 and 19 are separated only by insulating
spacer 15. Capillary section 19 includes all the features and
characteristics of capillary section 11; however, bore 41 of
section 19 also includes funnel shaped flare 44 at entrance end
43. In this way, the geometric transition between capillary
sections 10 and 19 lies not 1n union 42, but 1n the body of
section 19. In alternate embodiments, any other geometric
transition having any desired dimensions may be incorpo-
rated into the body of capillary section 19.

Referring next to FIG. 5, shown 1s an embodiment accord-
ing to the present invention wherein multiple section capillary
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60 consists of three capillary sections 61, 62 and 63. Capillary
sections 61 and 63 are constructed 1n a manner similar to
capillary section 11, however, sections 61 and 63 may be
shorter—{tor example 90 mm long—than capillary section 11.
According to this embodiment, when incorporated 1n a mass
spectrometer, the inlet of capillary section 61 resides 1n the
ion source region whereas the outlet of capillary section 63
resides 1n the first pumping region of the mass spectrometer.

Capillary section 62 1s constructed in substantially the
same manner as capillary section 10 with the exception that
the equivalent of electrically conducting sheath 20 1s missing,
from section 62. Channel 68 of section 62 1s bounded on two
sides by planar FAIMS celectrodes 64 and 65. The gap
between electrodes 64 and 6515 0.7 mm and electrodes 64 and
65 are 5.5 mm wide—i.e. perpendicular to the page—and
38.6 mm long. Thus, channel 68 is rectangular in cross sec-
tion having dimension of 0.7 mm by 5.5 mm.

Insulating spacer 21 1s 1dentical to spacer 15. Also, union
33 1s identical to unmion 32 but is rotated 180°. Thus, end 37 of
channel 39 is circular whereas end 35 1s rectangular. Capillary
sections 61 and 63 are removably joined with capillary sec-
tion 62 via unions 33 and 32 respectively. When fully
assembled into capillary 60, gas and 1ons from the upstream
ion production region pass through capillary section 62 and
enter end 37 of channel 39. As it passes through channel 39,
the channel expands to fill the rectangular cross section of end
35 before passing 1nto section 62. The gas and 10ons pass
through capillary section 62 and into rectangular opening 36
in union 32. In channel 34, the gas and 10ns are focused down
to circular opening 38 before passing out into section 63 and
on to the downstream mass analyzer. Thus, capillary 60 pro-
vides a smooth geometric transition both 1nto and out of the
FAIMS analyzer of capillary section 62 via unions 33 and 32
respectively.

In alternate embodiment 70, depicted in cross section in
FIG. 6, a similar construction 1s provided, but in a unitary
capillary design. Capillary 70 has a body 77 comprised of
dielectric material with channel 78 through it. In alternate
embodiments, the outer surface of capillary 70 may have any
desired dimensions, however, 1n the current embodiment,
body 77 has an outer diameter of 6.5 mm along 1ts entire
length. Capillary 70 1s 180 mm long with an entrance end (to
the left, off the page) and an exit end (to the rnight, oif the
page). Gas and 10ons enter channel 78 through the entrance end
of the capillary, located 1n an 10n production region of a mass
spectrometer. The gas and 1ons pass through channel 78 to the
exit end located in the first vacuum region of the mass spec-
trometer. In region 71, channel 78 1s cylindrically symmetric,
having a diameter of 0.7 mm. Moving {from left to right, at
point 81, channel 78 begins to transition to a rectangular cross
section. Atpoint 82 and in the entire region 72, channel 78 has
a rectangular cross section of dimensions 5.5 mm wide and
0.7 mm high. Inregion 72, channel 78 1s bounded on two sides
by FAIMS electrodes only one of which—electrode 75—1s
shown. The opposite FAIMS electrode 1s positioned parallel
to and 0.7 mm from electrode 75—1.e. above the page. Both
FAIMS electrodes are 5.5 mm wide and 38.6 mm long. At
point 83 channel 78 begins to transition back to a circular
channel. At point 84 and in the entire region 73, channel 78
again 1s cylindrically symmetric, having a diameter of 0.7
mm. As discussed above, 10ns carried through channel 78 1n a
stream of gas may be analyzed for their differential mobility
by applying an appropriate asymmetric RF wavelorm
between the FAIMS electrodes 1n region 72. Alternatively, 1T
a neutral potential 1s applied to the FAIMS electrodes—e.g.
ground—then 10ons will pass unatiected through capillary 70
to the downstream mass analyzer.
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It should be noted that while the present invention 1s
described 1n conjunction with FAIMS, means for other meth-
ods—for example, for production, fragmentation, or reaction
of 10ons, or for the optical spectroscopy of analyte in the
capillary—might be incorporated 1n the above described cap-
illaries 1n addition to or instead of FAIMS.

Furthermore, 1t should be understood that a FAIMS ana-
lyzer incorporated 1n a capillary according to the present
invention need not be used 1n conjunction with a mass spec-
trometer. In alternate embodiments, the FAIMS analyzer as
incorporated 1n a capillary according to the present invention
may be 1tsell be mcorporated into mstrument having an 10n
source at an elevated pressure and an 10n detector and/or other
analytical device 1n a vacuum chamber. As discussed above,
ions would be transmitted between the elevated pressure 1on
source and the vacuum chamber via the channel 1n the capil-
lary and FAIMS analyzer. In one such alternate embodiment,
only a detector—ior example a Faraday cup, a phonon detec-
tor, or a CCD—1s used to detect the 10ons. In such an embodi-
ment, one may use the FAIMS analyzer 1n conjunction with
the detector to generate a FAIMS spectrum of 10ns produced
in the 1on source. In another alternate embodiment any known
gas phase means of manipulating the 1ons might be employed
in the vacuum chamber. Such means for manipulating the
ions may 1include, for example, wrradiation with light of
selected wavelengths followed by fluorescence detection. In
yet further alternate embodiments, the vacuum system may
contain a means of capturing the FAIMS selected 10ns 1ntact.
Such means may, for example, comprise a solid surface or
liqguid medium onto/into which the selected 10ns are “soft
landed”. After collecting the selected 1ons, one may perform
any further solid, liquid, or gas phase analytical tests known
from the prior art.

While the present invention has been described with refer-
ence to one or more preferred and alternate embodiments,
such embodiments are merely exemplary and are not intended
to be limiting or represent an exhaustive enumeration of all
aspects of the invention. The scope of the invention, therefore,
shall be defined solely by the following claims. Further, 1t will
be apparent to those of skill 1n the art that numerous changes
may be made in such details without departing from the spirit
and the principles of the invention. It should be appreciated
that the present invention 1s capable of being embodied 1n
other forms without departing from its essential characteris-
tics.

What 1s claimed 1s:

1. Apparatus for combining field asymmetric 10n mobility
spectrometry (FAIMS) with an analytical device having an
ion source region with a first pressure and a vacuum region
having a second pressure less than the first pressure, compris-
ng:

a transfer capillary with a bore having a geometric bore
inlet cross-section and which transters gas and 10ns from
the 10n source region towards the vacuum region;

a FAIMS analyzer located between the 10n source region
and the transfer capillary and having a geometric outlet
cross section that differs from the bore inlet cross sec-
tion; and

a geometric transition region, which 1s located between the
FAIMS analyzer and the transier capillary and has a
shape that provides a smooth transition between the
FAIMS analyzer outlet cross section and the bore inlet
cross section such that transmission of 1ons from the 10n
source region to the vacuum region 1s maximized.

2. The apparatus of claim 1 wherein the transter capillary 1s

a multi-section capillary comprising a plurality of physically
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separate sections and the FAIMS analyzer 1s constructed in a
first section of the multi-section transter capillary.

3. The apparatus of claim 2 wherein the first section of the
multi-section transfer capillary 1s removably joined with a
second section of the multi-section transfer capillary via a 5
union piece.

4. The apparatus of claim 3 wherein geometric transition
region 1s 1n the union piece.

5. The apparatus of claim 3 wherein the first section and the
second section of the multi-section capillary are separated by 10
an insulating spacer.

6. The apparatus of claim 3 wherein the union piece has a
channel therethrough by which the outlet of the FAIMS ana-
lyzer 1s connected to the inlet of the second section and
comprises means of forming a substantially gas tight seal 15
between the FAIMS analyzer and the second section.

7. The apparatus of claim 6 wherein the channel of the
union piece 1s cylindrically symmetric and funnel shaped.

8. The apparatus of claim 6, wherein a second section of the
multi-section transfer capillary has a multitude ol bores there- 20
through and the channel of the union piece connects the outlet
of the FAIMS analyzer to a multitude of outlets each of which
1s aligned with a bore in the second section of the multi-
section transfer capillary.

9. The apparatus of claim 2 wherein a second section of the 25
multi-section transier capillary has cylindrically symmetric
bore therethrough with an inlet cross section that 1s smaller
that the outlet cross section of the FAIMS analyzer.

10. The apparatus of claim 1 wherein the geometric outlet
cross section of the FAIMS analyzer 1s rectangular. 30
11. The apparatus of claim 1 wherein the geometric tran-
sition region 1s part of the transier capillary bore 1n the form

of a flare at the transfer capillary bore inlet.

12. The apparatus of claim 1 wherein the transfer capillary
comprises three physically separate sections and the FAIMS 35
analyzer 1s constructed 1 a middle section of the multi-
section transfer capillary.

13. The apparatus of claim 12 further comprising a second
geometric transition region, which 1s located between the first
section of the multi-section transier capillary and the FAIMS 40
analyzer and has a shape that provides a smooth transition
between the bore 1nlet cross section of the first section and a
FAIMS analyzer inlet cross section such that transmission of
ions from the 10n production region to the vacuum region 1s
maximized. 45

14. The apparatus of claim 1 wherein the analytical device
comprises one of a mass spectrometer, an 10on detector, a
device for irradiating FAIMS selected 1ons with light of
selected wavelengths and detecting fluorescence of the
FAIMS selected 1ons and a device for capturing FAIMS 50
selected 1ons intact.

15. Apparatus for combiming field asymmetric 1on mobility
spectrometry (FAIMS) with an analytical device having an
1on source region with a first pressure and a vacuum region
having a second pressure less than the first pressure, compris- 55
ng:

a transier capillary with a bore having a cross section and
which transfers gas and 10ns from the 10n source region
towards the vacuum region;

a FAIMS analyzer located within the transfer capillary 6o
bore, the FAIMS analyzer having a geometric cross sec-
tion that differs from the transfer capillary bore cross
section; and

a geometric transition region, which 1s located between the
FAIMS analyzer and the transfer capillary bore and has 65
a shape that provides a smooth transition between the
FAIMS analyzer cross section and the bore cross section
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such that transmission of 1ons from the 10n production
region to the vacuum region 1s maximized.

16. The apparatus of claim 15 wherein the FAIMS analyzer
1s located at a position along the length of the transfer capil-
lary, which position 1s not at an entrance or an exit of the
transier capillary.

17. The apparatus of claim 16 wherein the geometric tran-
sition region connects an outlet of the FAIMS analyzer to the
transier capillary bore and a second geometric transition
region connects the transier capillary bore to an inlet of the
FAIMS analyzer.

18. The apparatus of claim 15 wherein the analytical device
comprises one ol a mass spectrometer, an 1on detector, a
device for wrradiating FAIMS selected ions with light of
selected wavelengths and detecting fluorescence of the
FAIMS selected 1ons and a device for capturing FAIMS
selected 10ns 1ntact.

19. A method for combining field asymmetric 1on mobility
spectrometry (FAIMS) with an analytical device having an
ion source region with a first pressure and a vacuum region
having a second pressure less than the first pressure, compris-
ng:

(a) providing a transier capillary with a bore having a
geometric bore inlet cross-section to transfer gas and
ions from the 1on source region towards the vacuum
region;

(b) positioning a FAIMS analyzer between the 10n source
region and the transfer capillary, the FAIMS analyzer
having a geometric outlet cross section that differs from
the bore 1nlet cross section; and

(¢) positioning a geometric transition region between the
FAIMS analyzer and the transier capillary, the geomet-
ric transition region having a shape that provides a
smooth transition between the FAIMS analyzer outlet
cross section and the bore inlet cross section such that
transmission of 1ons from the 10n source region to the
vacuum region 1s maximized.

20. The method of claim 19 wherein the transfer capillary
1s a multi-section capillary comprising a plurality of physi-
cally separate sections and step (b) comprises constructing
the FAIMS analyzer in a first section of the multi-section
transier capillary.

21. The method of claim 20 wherein step (a) comprises
removably joining the first section of the multi-section trans-
ter capillary with a second section of the multi-section trans-
fer capillary via a union piece.

22. The method of claim 21 wherein step (¢) comprises
positioning the geometric transition region 1n the union piece.

23. The method of claim 21 further comprising separating,
the first section and the second section of the multi-section
capillary by an msulating spacer.

24. The method of claim 21 wherein the union piece has a
channel therethrough by which the outlet of the FAIMS ana-
lyzer 1s connected to the inlet of the second section and the
method further comprises forming a substantially gas tight
seal between the FAIMS analyzer and the second section.

25. The method of claim 24 wherein the channel of the
union piece 1s cylindrically symmetric and funnel shaped.

26. The method of claim 24, wherein a second section of
the multi-section transier capillary has a multitude of bores
therethrough and step (¢) comprises connecting the outlet of
the FAIMS analyzer to a multitude of outlets, each of which 1s
aligned with a bore in the second section of the multi-section
transier capillary, with the channel of the union piece.

277. The method of claim 20 wherein step (a) comprises
providing a second section of the multi-section transfer cap-
illary with a cylindrically symmetric bore therethrough and
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an 1nlet cross section that 1s smaller that the outlet cross
section of the FAIMS analyzer.

28. The method of claim 19 wherein the geometric outlet
cross section of the FAIMS analyzer 1s rectangular.

29. The method of claim 19 wherein step (¢) comprises
providing the geometric transition region as part of the trans-
ter capillary bore 1n the form of a flare at the transfer capillary
bore 1nlet.

30. The method of claim 19 wherein step (a) comprises
providing the transier capillary in three physically separate
sections and step (b) comprises constructing the FAIMS ana-
lyzer 1n a middle section of the multi-section transier capil-
lary.

31. The method of claim 30 further comprising locating a
second geometric transition region between the first section
of the multi-section transfer capillary and the FAIMS ana-
lyzer, the second geometric transition region having a shape
that provides a smooth transition between the bore 1nlet cross
section of the first section and a FAIMS analyzer inlet cross
section such that transmission of 10ns from the 1on production
region to the vacuum region 1s maximized.

32. The method of claim 19 wherein the analytical device
comprises one of a mass spectrometer, an 1on detector, a
device for irradiating FAIMS selected 1ons with light of
selected wavelengths and detecting fluorescence of the
FAIMS selected 1ons and a device for capturing FAIMS
selected 1ons 1ntact.

33. A method for combining field asymmetric 10n mobility
spectrometry (FAIMS) with an analytical device having an
ion source region with a first pressure and a vacuum region
having a second pressure less than the first pressure, compris-
ng:
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(a) providing a transfer capillary with a bore having a cross
section to transier gas and ions from the 10n source
region towards the vacuum region;

(b) constructing a FAIMS analyzer within the transfer cap-
illary bore, the FAIMS analyzer having a geometric
cross section that differs from the transier capillary bore
cross section; and

(¢c) locating a geometric transition region between the
FAIMS analyzer and the transfer capillary bore, the geo-
metric transition region having a shape that provides a
smooth transition between the FAIMS analyzer cross
section and the bore cross section such that transmission
of 10ons from the 1on production region to the vacuum
region 1s maximized.

34. The method of claim 33 wherein step (b) comprises
constructing the FAIMS analyzer at a position along the
length of the transier capillary, which position 1s not at an
entrance or an exit of the transfer capillary.

35. The method of claim 34 wherein step (¢) comprises
locating the geometric transition region to connect an outlet
of the FAIMS analyzer to the transfer capillary bore and the
method turther comprises locating a second geometric tran-
sition region to connect the transter capillary bore to an inlet
of the FAIMS analyzer.

36. The method of claim 33 wherein the analytical device
comprises one ol a mass spectrometer, an 1on detector, a
device for wrradiating FAIMS selected ions with light of
selected wavelengths and detecting fluorescence of the
FAIMS selected 1ons and a device for capturing FAIMS
selected 10ns 1ntact.
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